
Entrez-PubMed 

  
PubMed Nucleotide Protein Genome Structure PopSet Taxonomy OMIM Books

 Search   for     
  Limits Preview/Index History Clipboard Details   

About Entrez

Text Version

Entrez PubMed 
Overview
Help | FAQ
Tutorial
New/Noteworthy
E-Utilities

PubMed Services
Journal Browser
MeSH Browser
Single Citation Matcher
Batch Citation Matcher
Clinical Queries
LinkOut
Cubby

Related Resources
Order Documents
NLM Gateway
TOXNET
Consumer Health
Clinical Alerts
ClinicalTrials.gov
PubMed Central

Privacy Policy

 

   

1: Mol Biol Evol 2000 May;17(5):825-9 Related Articles,  Links 

  

Patterns of diversity among SINE elements isolated 
from three Y-chromosome genes in carnivores.

Slattery JP, Murphy WJ, O'Brien SJ.

Publication Types: 
❍     Letter

PMID: 10779543 [PubMed - indexed for MEDLINE]

   

   
   

 Write to the Help Desk 
NCBI | NLM | NIH 

Department of Health & Human Services 
Freedom of Information Act | Disclaimer

i686-pc-linux-gnu Aug 30 2002 15:17:13

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10779543&dopt=Abstract [9/5/02 4:11:27 PM]

http://www.ncbi.nlm.nih.gov/
http://www.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Nucleotide
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Protein
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Genome
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Structure
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Popset
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Taxonomy
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Books
javascript:Go('Limits')
javascript:Go('Index')
javascript:Go('History')
javascript:Go('Clipboard')
javascript:Go('Details')
http://www.ncbi.nlm.nih.gov/Database/index.html
http://www.ncbi.nlm.nih.gov/entrez/queryd.fcgi
http://www.ncbi.nlm.nih.gov/entrez/query/static/overview.html
http://www.ncbi.nlm.nih.gov/entrez/query/static/help/pmhelp.html
http://www.ncbi.nlm.nih.gov/entrez/query/static/faq.html
http://www.nlm.nih.gov/bsd/pubmed_tutorial/m1001.html
http://www.ncbi.nlm.nih.gov/entrez/query/static/new.html
http://www.ncbi.nlm.nih.gov/entrez/query/static/eutils_help.html
http://www.ncbi.nlm.nih.gov/entrez/jrbrowser.cgi
http://www.ncbi.nlm.nih.gov/entrez/meshbrowser.cgi
http://www.ncbi.nlm.nih.gov/entrez/query/static/citmatch.html
http://www.ncbi.nlm.nih.gov/entrez/getids.cgi
http://www.ncbi.nlm.nih.gov/entrez/query/static/clinical.html
http://www.ncbi.nlm.nih.gov/entrez/linkout
http://www.ncbi.nlm.nih.gov/entrez/cubby.fcgi?call=QueryExt.Query.last.Show&call=QueryExt.CubbyQuery..ShowAll
http://www.nlm.nih.gov/loansomedoc/loansome_home.html
http://gateway.nlm.nih.gov/gw/Cmd
http://toxnet.nlm.nih.gov/
http://www.nlm.nih.gov/medlineplus/
http://www.nlm.nih.gov/databases/alerts/clinical_alerts.html
http://clinicaltrials.gov/ct/gui
http://www.pubmedcentral.nih.gov/
http://www.ncbi.nlm.nih.gov/entrez/query/static/privacy.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed&cmd=Display&dopt=pubmed_pubmed&from_uid=10779543
http://www.ncbi.nlm.nih.gov/entrez/query/static/popup.html
javascript:window.showMenu(window.Menu10779543);
http://www.nlm.nih.gov/contacts/contact_pubmed.html
http://www.ncbi.nlm.nih.gov/
http://www.nlm.nih.gov/
http://www.nih.gov/
http://www.os.dhhs.gov/
http://www.nih.gov/icd/od/foia/index.htm
http://www.ncbi.nlm.nih.gov/About/disclaimer.html


MBE -- Slattery et al. 17 (5): 825

  
HOME HELP FEEDBACK SUBSCRIPTIONS ARCHIVE SEARCH TABLE OF CONTENTS

Institution: Scientific Library, NCI-FCRDC || Sign In as Individual 

 Reprint (PDF) Version of this Article 

 Similar articles found in:
MBE Online 
PubMed 

 PubMed Citation 

 This Article has been cited by: 
other online articles 

 Search Medline for articles by:
 Slattery, J. P. || O'Brien, S. J. 

 Alert me when: 
new articles cite this article

 Download to Citation Manager 

Molecular Biology and Evolution 17:825-829 (2000)
© 2000 Society for Molecular Biology and Evolution 

Letter to the Editor

Patterns of Diversity Among 
SINE Elements Isolated from 
Three Y-Chromosome Genes 
in Carnivores 

Jill Pecon Slattery ,, William J. Murphy and Stephen J. O'Brien 

Laboratory of Genomic Diversity, Frederick Cancer and Research Development Center, National Cancer Institute, 
Frederick, Maryland 

Short interspersed elements (SINEs) are forms of "selfish" DNA scattered throughout eukaryotic 
genomes (Jelinek and Schmid 1982  ; Daniels and Deininger 1985  ). SINEs exist in high copy 

numbers and, combined with long interspersed nuclear element (LINEs) and retroelements resembling 
retroviruses, may constitute 36% of the total genome (Smit et al. 1996  ). A consensus of research of the 
human Alu SINE family and novel SINEs from other vertebrate and invertebrate taxa (see Okada 1991  
a, 1991b; Ohshima and Okada 1994  ; Shimamura et al. 1997  ) defines evolutionary lineages, or 
subfamilies, which originated from small RNA molecules such as 7SL RNA (Alu) or tRNAs. Proposed 
mechanisms governing the proliferation of SINE subfamilies generally invoke transcription in high copy 
number of a source, or master copy, SINE, followed by reverse transcription into DNA and reinsertion at 
a new site (Deininger et al. 1992  ; Brookfield 1994  ; Smit 1996  ; Kidwell and Lisch 1998  ), 
perhaps selected by specific target sequence (Jurka and Klonowski 1996  ; Tatout, Lavie, and Deragon 
1998  ). The possible functions of SINE elements within the genome remain unclear, yet studies suggest 
a role in gene and oncogene expression (Britten 1996, 1997  ), recombination between nonhomologous 
regions, and mutagenesis (Amariglio and Rechavi 1993  ; Michel et al. 1997  ). Although research of 
primates describes a high incidence of SINE elements within the Y chromosome (Smith et al. 1987  ; 
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Baird and Royle 1997  ), little is known of the evolution of these repetitive sequences in the 
nonrecombining region (NRY). Here, we provide a unique phylogenetic depiction of SINEs isolated from 
intronic regions of three genes located in the NRY. Using representative taxa from the Order Carnivore, 
we demonstrate the following: (1) major SINE lineages exist specific to each carnivore family; (2) within 
carnivore families, SINE retroposons provide cladistic markers of speciation, but also (3) exhibit 

stochastic intraspecies transposition; and (4) homoplasy exists with identical insertions in two species 
from distantly related lineages. 

Intron segments from Smcy, Zfy, and Ube1y were sequenced from 20 species of Felidae and 8 taxa 
representing 6 additional carnivore families (GenBank accession numbers AF111609–AF221621). The 

order Carnivora consists of two major superfamilies: catlike carnivores (Feloidea), including the Felidae 
(cats), Viverridae (viverrids), Herpestidae (mongooses), and Hyaenidae (hyenas) families, and doglike 
carnivores (Arctoidea), composed of the families Canidae (dogs), Ursidae (bears), Mustelidae (skunks, 

weasels), Procyonidae (raccoons), and pinnipeds (seals, walruses). Twenty of the 37 species within the 
cat family, representing distinct evolutionary lineages (fig. 1A ) established from a consensus of multiple 

genetic markers (Collier and O'Brien 1985  ; Modi and O'Brien 1988  ; Pecon Slattery et al. 1994  ; 
Janczewski et al. 1995  ; Johnson et al. 1996  ; Masuda et al. 1996  ; Johnson and O'Brien 1997  ; 
Pecon Slattery and O'Brien 1998  ), were sequenced. Felid SINE retroposons were sporadic in the three 
genes and limited to the seven species within the domestic cat lineage and two other distantly related 
species of Lynx rufus and Otocolobus manul (fig. 1A ). The remaining SINEs occurred in only three of 

the six families examined and all from the Arctoidea: Canidae (Canis familiaris, domestic dog), 
Procyonidae (Ailurus fulgens, red panda), Ursidae (Ailuropoda melanoleuca, giant panda; Tremarctos 

ornata, spectacled bear; and Ursus arctos, brown bear). 

View larger version (41K):
[in this window]

[in a new window]
  

Fig. 1.—A, Species of carnivores sequenced for Zfy, 
Smcy, and Ube1y introns. Listed are family, species, 
lineage (Felidae only), and three-letter species code. 
Presence of the SINE is indicated by "X". B, Alignment 
of SINE sequences and flanking regions in carnivores. 
SINE sequences from Zfy, Ube1y, and Smcy introns were 
obtained via PCR of genomic DNA from a single male of 
each species (except for the domestic cat lineage, from 
which two individuals of Fca, Fni, Fsi, and Fma were 
examined) by methods described elsewhere (Pecon 
Slattery and O'Brien 1998  ; unpublished data). 
Sequences of B2-like elements were obtained from 
GenBank with accession numbers X52381 (Mvi), 
X57357 (Cfa), and Z33499 (Pvi). Identical SINEs with 
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Fbi were isolated from Fca, Fli, and Fsi. Alignment was 
constructed via CLUSTAL X (Thompson et al. 1997  ) 
and verified visually. Poly A tail denotes starting 
position but is not shown in its entirety. For the flanking 
regions, an asterisk denotes an identical site with the 
closest sequence above. For the SINE alignment, ~ 
denotes a gap and . indicates an identical site

 
Sequence similarity with published mammalian SINE inserts supported an evolutionary model in which 
SINEs were derived, in part, from tRNA. The newly identified carnivore SINEs possessed a 5' region 
containing the split block promoter for RNA polymerase III common to tRNA genes, followed by a 
unique sequence and a dinucleotide repeat of variable length, and terminated by a 3' polyA tail (fig. 1B ). 

As with published B2-like SINEs from the mink X chromosome (Mvi B2), dog (Cfa B2) and harbor seal 
(Pvi B2) sequence similarity (fig. 1B ) indicated that the newly described carnivore SINEs likely 

originated from tRNA-lys or tRNA-arg (Lavrentieva et al. [1991]  and Coltman and Wright [1994]  , 
respectively). 

In addition, our findings demonstrate the presence of taxon-specific SINE subfamilies within carnivores. 
Unique to the cat, bear, and raccoon families, we propose these newly described SINEs as subfamilies. In 
the domestic dog (Canidae), a higher level of genetic distance between the Zfy SINE and that of the 
published canid B2-like SINE is represented by the placement in different lineages within the SINE 
phylogeny (fig. 2 ). Furthermore, a lack of sequence similarity with published SINE flanking regions for 

the domestic dog (Das et al. 1998  ) indicated that the Zfy SINE diverged from a master copy as yet not 
defined. Thus, the Zfy SINE may be either the remnant of an extinct lineage or a more recent version of 
the canid B2-like SINE. Moreover, the low level of similarity between autosomal and Y chromosome 
SINE inserts observed here in the domestic dog is also demonstrated in human Alu SINEs and may be a 
consequence of a different mechanism or rate of proliferation unique to the Y chromosome (Smith et al. 
1987  ). 
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Fig. 2.—Phylogenetic reconstruction of SINE sequences 
from carnivore species. Shown is a tree constructed by 
minimum evolution estimated by the neighbor-joining (NJ) 
algorithm using the Tajima-Nei (Tajima and Nei 1984  ) 
model of substitution as implemented by PAUP, version 
4.0b2 (used by permission from D. Swofford). A nearly 
identical topology (length = 427 steps; consistency index = 
0.7869) is obtained from a 50% majority-rule consensus of 
44 equivalent trees derived from maximum-parsimony (MP) 
analyses with PAUP. A nearly identical maximum-likelihood 
(ML) tree (-ln likelihood = 1,184.28; 524 trees examined) is 
obtained using PHYLIP, version 3.5 (Felsenstein 1993  ). 
Both MP and ML trees differ from the NJ tree shown here by 
slight rearrangements of internal branches within the Ursidae 
lineage. Branch lengths are percentages of sequence 
divergence (genetic distance x 100) computed by minimum 
evolution estimated by NJ with the Tajima-Nei model of 
substitution. Nodes supported by the ML analyses are 
indicated by asterisks. Bootstrap proportions (%) greater 
than 50% are based on 100 iterations with NJ above and MP 
values below

 
The pattern of SINE diversification within the well-characterized species phylogeny of Felidae provides 
new insights into the evolution of these repetitive sequences. First, the monophyletic grouping of SINEs 
from two different genes indicates a common ancestral copy unique to the cat family. Second, the SINE 
flanking regions (fig. 1B ) are specific to each gene intron. In the case of Zfy, all seven species within the 

domestic cat lineage have the SINE element in the exact same location within the intron. Thus, the 
presence of the Zfy SINE is a cladistic synapomorphic trait marking an insertion event in a common 
ancestor to the extant species within the domestic cat lineage. Moreover, the SINE phylogeny accurately 
derives the expected evolutionary relationships by uniting F. bieti (Fbi), F. catus (Fca), F. libyca (Fli), 
and F. silvestris (Fsi) apart from F. nigripes, (Fni), F. margarita (Fma), and F. chaus (Fch). Therefore, 
this topology depicts SINE insertion subsequently followed by the gradual accumulation of mutations in 
accordance with known patterns of speciation. 

In contrast, sporadic insertions unrelated to species divergence, as well as clear evidence of homoplasy, 
are represented by Smcy in Felidae. Only one species from the domestic cat lineage, F. silvestris, 
possessed a SINE within Smcy, an indication that this event was unique and occurred after the Zfy 
insertion. The presence of this SINE within the same location with identical flanking sequences (fig. 1B ) 

of Smcy in L. rufus, a species only distantly related to the domestic cat lineage, is likely an example of 
insertion dictated by the target sequences within the flanks. This provides strong evidence that SINE 
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insertion at identical sites within different species can occur independently of phylogeny, and it counters 
the hypothesis that SINEs are exempt from parallel or convergent evolution (Nikaido, Rooney, and 
Okada 1999  ; for commentary, see Hillis 1999  ). Finally, a species-specific integration, found solely 
in O. manul for Ube1y, probably represents a recent insertion. 

Similarly, the evolution of SINEs within Zfy and Smcy in Ursidae corroborates some of the patterns of 
diversification observed in Felidae. The presence of a SINE, in the same location within the Zfy intron for 
three species examined, denotes an ancestral synapomorphic insertion early within the bear phylogeny. 
Conversely, the presence of a Smcy SINE only in U. arctos suggests a recent, autoapomorphic insertion. 

Across the broad taxonomic divisions represented by the carnivore families of Felidae, Ursidae, 
Procyonidae, Canidae, Mustelidae, and Phocidae, few sites are conserved in the SINE retroposon (fig. 1B 

). Of these, the most notable are the split block promoter sites of Pol A and Pol B, suggestive of 
functional constraints linked with binding RNA polymerase III. Within Felidae, little genetic diversity is 
detected, and genetic distance estimates vary from 0.5%–3.8% (not shown), independent of which gene 
intron harbored the SINE insert. In comparison, the four ursid SINEs from two genes are less conserved, 
with estimates of 12.9%–16.0% (not shown). Provided the ancestral source SINE occurred early within 
the evolution of each family, the differences between Ursidae and Felidae may be a consequence of an 
overall deeper divergence time of modern ursids (30 MYA) compared with modern Felidae (12–15 
MYA) (Wayne, Van Valkenburgh, and O'Brien 1991  ). 

The role of repetitive DNA on the Y chromosome is not clear. All three genes screened herein occur 
outside the pseudoautosomal region (Murphy et al. 1999) and reside in the sex-specific NRY. The fact 
that the X homolog of Zfy lacks the SINE element (Pecon Slattery and O'Brien 1998  ) in all domestic 
cat lineage species corroborates the prediction that repetitive DNA tends to accumulate in 
nonrecombining regions of the genome (Charlesworth 1991  ). The lack of conventional recombination 
in the NRY may provide the basis for a possible role of SINEs. As much of the eutherian Y chromosome 
undergoes extensive intrachromosomal shuffling (Graves 1995, 1998  ), it is possible that SINE 
retroposons may facilitate this process through nonhomologous recombination, a process modeled in the 
LINE-LINE recombination events which occurred on the Y chromosome during human evolution 4–5 

MYA (Schwartz et al. 1998  ). Other possible functions for this ubiquitous form of repetitive DNA may 
be revealed by ongoing research into the evolution of coding regions of Y chromosome genes in Felidae. 

   Footnotes 
 
Axel Meyer, Reviewing Editor 
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